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Abstract 
 
A computer program written by author in Delphi for  statistical control of production processes is presented. The JM-SPC program can be 
used for both the variable valued and the attribute valued data type. The data are  introduced  manually into table (up to 20 columns; up to 
10000 rows). The option of data introducing is with some function equipped, which make this process very easy. The data analysis option 
offer many of analytical techniques. For variable valued data sets following control tools are available: individual values chart, average 
values chart, moving average values chart, exponentially moving average values chart, median values chart, range chart, standard deviation 
chart. Also two-signal control charts are available, for example: X-R, X-S, Me-R, Me-S. For variable valued data the performance of 
processes can be evaluated by using of two commonly used indices: potential process capability index (Cp) and process capability index 
(Cpk). For the attribute valued data type  the user can select: p- and np-chart, c- and u-chart, Pareto diagram. Application of JM-SPC 
program for statistical analysis of real processes has been presented on the example of Al-Si high-pressure die casting production. For 
example of production of two different frame castings following analyses have been conducted: 1) the analysis of defect fraction in sample 
(by using the p-chart), 2) the analysis of relative differences in importance of each defects categories (by using of the Pareto diagram). 
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1. Introduction 
 
By  mass and serial production the statistical techniques for 
quality  monitoring  and  assurance  can  be  used.  The  aim  of 
statistical process control (SPC) is to get and keep process under 
control  [1].  The  most  popular  tools  for  SPC  are  the  so  called 
control charts [2, 3, 4, 5]. In this day and age for implementation 
of control charts one use usually the computer programs. There 
are many of commercial programs, which can solve this task (for 
example: Statistica, qs-STAT). For many of small companies a 
purchase of commercial SPC software may appear yet to be too 
expensive.  Therefore  in  these  cases  a  usage  of  spreadsheet 
packages for SPC task [6] take oft the place. Another solution 
may be a development of own application. 
In this paper a computer program written by author in Delphi 
for teaching of SPC methods is presented. The JM-SPC program 
has already now a lot of features, which allow to use him also for 
real SPC task. Same features of the program being used by data 
entering and data analysis have been presented below. For this 
presentation the data from two real foundry production processes 
(Al-Si high-pressure die casting production)  have been used. In 
both  cases  the  defects  occurring  in  frame  castings  have  been 
analysed (defect fraction in sample (by using the p-chart); relative 
differences in importance of each defects categories (by using of 
the Pareto diagram)). A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 3 - 158  154 
2. Test of the JM-SPC program 
application for analysis of the real 
processes 
 
In order to determine the usefulness of JM-SPC program for 
statistical  control  of  real  production  processes  a  data  set  from 
high-pressure die casting  foundry  has been  gained.  The  gained 
data had an attribute valued type (number and kind of defects in 
two frame castings produced in chosen time period).  The both of 
frame castings have been poured with near-eutectic Al-Si alloy. In 
both of castings (No 944056-0200 and No 52014305)  the similar 
defects  have  been  detected.  In  casting  house  these  defects  are 
divided  into  two  groups  (Fig.  1c):  1)  rough  casting  defects 
(signature  preceeded  with  O-letter),  2)  machining  defects 
(signature  preceeded  with  S-letter).  Among  defects  from  both 
group  following  are  distinguished:  1)  another defect  (O-??),  2) 
holes - (O-dziury), 3) splinter on ring surface (O-oring-wykrusz), 
4) splinter on thread surface (O-gwint-wykrusz.), 5) seal surface 
(O-pow. uszczel.),  inclusions (O-wtrącenia), 7) thread (S-gwint), 
8)  dimensions  (S-wymiary),  9)  tools  exchange  (S-wym. 
narzędzia), 10) splinter on ring surface after machining (S- oring-
wykrusz), 11) splinter on thread surface after machining (S-gwint-
wykrusz.), 12) position (S-ustawczy). 
 
 
2.1. Data entering 
 
   In order to new attributive valued data entering (Fig. 1a) one 
should choose: (Edycja danych)>(Nowe dane)>(SPC-dyskretne). 
This gives an occasion to entering in row named (Typ wady) all 
of defect names (Fig. 1b). After them one can enter all of proper 
data.  Successive  data  are  in  vertical  order  entered.  For  each 
casting in first step are entered the  information about: 1) control 
date, 2) casting name (signature), 3) number of poured castings, 
4) name of controller. In next row (Fig. 1c), from left to right, the 
number of separate defects have to be entered (when occurred). 
 
a) 
 
b) 
 
c) 
 
d) 
 
 
Fig. 1. Data entering: a) choosing of new attributive valued data entering,  b) entering of defect names, c) copying of marked cells (by initial 
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By data entering one can mark (Fig. 1c) each of cells and copy her 
content to the program safe (using Kopiuj-item). All of so saved 
data one can paste to chosen cell by using of Wstaw (paste the last 
saved cell) or Wstaw-wg KL item (paste the last saved cell from 
marked  column).  Another  features (also  data saving)  useful  by 
data entering are available from menu (Fig. 1a). 
 
 
2.2. Data analysis 
 
For data analysis the option Analiza has to be marked (Fig. 
2a). In the first step (Fig. 2a) the details (castings) chosen for the 
analysis should be marked (by  clicking on their signature) and 
then button Wybor Detalu clicked. After them one has to choose 
both the time period and kind of defects being analysed. If not all 
of the data should be analysed, for marking of interesting data 
block the mouse and the drag technique should be simply used. 
When all of data should be analysed (together with the last one) it 
be sufficient to point the beginning of time period (by marking of 
appropriate  row,  whereas  the  kind  of  defects  is  to  choose  by 
marking of columns range in chosen row (Fig. 2b)). Chosen data 
block should be finally accepted by clicking on Wybor-KL (Fig. 
2b).  For  chosen  data  the  calculations  can  be  conducted  (by 
clicking on Licz (Fig. 2c). 
 
a) 
 
b) 
 
c) 
 
Fig. 2. Data analysis: a) marking of analysed casting,  b) marking of analysed defects, c) effect of using the calculate-item (Licz) A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 3 - 158  156 
a) 
 
b) 
 
Fig. 3. The p-chart and Pareto-Diagram as analysis results: a) for casting marked as 944056-0200,  b) for casting marked as 52014305 A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 3 - 158  157 
 
After clicking on Licz inside of the results window (upper-right 
region of form) the analysis result appear. The proper analysis 
results  are  preceded  by  information  about:  analysis  period, 
analysed  details  signatures  and  numbers  of  details  produced 
during the time-period. As proper analysis result a defects list is 
projected.  For  each  defect  following  information  are  given: 
ordinal number and signature of defect (according to the early 
assignations),  number  of  defect,  percentage  fraction  of  given 
defect  in  relation  to  number  of  produced  details,  percentage 
fraction of given defect in relation to all defects. 
In order to present the analysis results in form of the control 
chart, the item Wykres should be clicked (Fig. 2c). As result of 
them,  a  diagram  of  chosen  control  chart  is  projected  at  the 
bottom region of the screen. A type of a control chart which 
should be projected, should be first established (by using Wybor 
Zagadnienia    item).  For  analysed  case  the  p-chart  has  been 
chosen.  On  the  diagram  of  the  p-chart  with  the  X-axis  as 
number of data set (Fig. 2c) a central line ( LC) and lines of 
limit controls (upper (GGI)- and lower limit control (DGI)) are 
plotted. A position of each of lines is calculated by using of 
well-know in literature formulas [2, 7]. Above the upper edge of 
each control chart diagram following information appear: name 
of  control  chart  type,  confidence  level,  name  or  signature  of 
analysed detail(s), time-period of analysis. 
By right-clicking on the results window, a menu window is 
displayed with some items useful by data analysis, among other 
things  a  possibility  of  Pareto  analysis  is  offered  (Fig.  2c). 
Clicking  on  the  item  Diagram  Pareto-Lorenza  causes  a 
displaying  of  this  art  chart  over  the  existing  control  chart 
diagram (Fig. 3). On the Pareto diagram the X-axis present the 
number of defect signature. 
The  JM-SPC  program  offer  many  of  analytical 
techniques.also for variable valued data. For example, fast all of 
well-know control charts for such data type are available. When 
limits  of  tolerance  are  given  for  variable  valued  data  the 
performance of processes can be also evaluated by using of two 
commonly  used  indices  (Cp,  Cpk).  Furthermore,  for  variable 
valued data sets in results window following calculated values 
are  always  displayed:  mean,  geometric  mean,  median, 
maximum,  minimum,  range,  standard  deviation,  standard 
deviation  for  mean,  skewness,  kurtosis,  confidence  interval. 
Two examples of using the JM-SPC program for analysis the 
variable valued data are presented by author in [8, 9]. In both 
cases a variability of tensile strength of 200 specimens cast on 
the high pressure casting machine was analyzed.  For variability 
analysis the X-chart and Xsr-chart as well as the Med-chart and 
R-chart have been utilized. On the discussed examples it was 
also shown that JM-SPC program is able to test the normality of 
distribution with using of visual methods (histogram, quantile-
quantile chart).  
 
 
3. Results analysis 
 
Analysis of information contained on Fig. 3 lets say, that 
production process for the case of both castings is not statistical 
stable. For the casting marked as 944056-0200 the situation was 
worse (upper limit has been tree time  exceeded). In both cases a 
significant reason of defects was a locale discontinuous of casting 
(holes,  splinter,  inclusion).  These  defects  have  been  disclosed  in 
rough casting surface as well as after machining. Probably a main 
reason of those defects is a gas and shrinkage porosity. Although, 
for the casting marked as 52014305 the discontinuous defects had 
also essential importance, but in this case the dimensional errors 
had a biggest participation (20,11%).  
Although, collected data refer to the production period of three 
mounts,  nevertheless  the  number  of  data  sets  (eleven)  is    no 
sufficient  for  reliable  analysis.  Moreover,  the  data  have  been  in 
irregular time interval (on the average one time in week) collected 
(in  relationship  to  the  production  regularity).  In  order  to  obtain 
more  clear  image  of  defects  reasons  it  seems  to  be  necessary  a 
increasing  of  control  frequency.  Moreover  the  used  defects 
classification should be more unambiguous.  
 
 
4. Conclusion 
 
The JM-SPC computer program, written by author in Delphi, 
for teaching of SPC methods, has already now a lot of features, 
which allow to use him also for real SPC task. Same features of the 
program being used by data entering and data analysis have been 
presented in this paper on example of two real foundry production 
processes  (Al-Si  high-pressure  die  casting  production).  In  both 
cases  data  have  the  attribute  valued    type  (defects  occurring  in 
frame  castings have  been  analysed:  defect  fraction  in  sample by 
using the p-chart; relative differences in importance of each defects 
categories by using of the Pareto diagram). 
Performed analysis  lets show that production process for the 
case of both castings is not statistical stable. 
The  program  is  also  ready  for  variable  valued  data  analysis 
(many  of  well-know  control  charts  are  yet  available:  individual 
values chart,  average  values chart,  moving  average  values  chart, 
exponentially  moving  average  values chart,  median  values chart, 
range chart, standard deviation chart. Also two-signal control charts 
are available, for example: X-R, X-S, Me-R, Me-S). When limits of 
tolerance  are  given  the  performance  of  processes  can  be  also 
evaluated (indices: Cp, Cpk). 
The  described  in  this  paper  implementation  of  the  JM-SPC 
program  for  statistical  analysis  of  real  production  processes  has 
been exhibited that program is able to ensure an easy data collection 
and analysis. 
The program is continuously by author developed. Actually the 
quantitative  tests  of  distribution  normality  (Shapiro-Wilk  test, 
Epps-Pulley  test)  are  implemented.    An  implementation  of 
regression analysis is also planed.  
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